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Environmental Health Insights appropriate preventive policies. 15 As a result, communities from which the data are derived are not aware of the magnitude of pesticide poisoning as a public health problem nor are they given the opportunity to take preventive actions or develop community solutions. 15 The health care services in Tanzania are delivered and regulated by the Ministry of Health, Community Development, Gender, Seniors and Children. The structure of the health system starts at village facilities and dispensaries followed by health centres located in both rural and urban areas. The health centres refer upwards to district and private hospitals, regional hospitals, and, finally, referral hospitals at the apex of the referral chain. Health care professionals responsible for delivering health services at different levels include physicians, clinical officers or medical assistants, public health officers, and nurses, including nurse practitioners. Physicians are HCPs who are licensed to practice medicine. Clinical officers (also known as medical assistants) are HCPs trained to assist physicians in clinical procedures. Nurse practitioners are nurses trained to care for sick and injured patients and to assist physicians and clinical officers in providing clinical care. Public health officers are responsible for protecting and improving the health of a community through preventive medicine, health education, control of communicable diseases, application of sanitary measures, and monitoring of environmental hazards.
On average, the rate of medical doctors per capital in Tanzania in 2005 was 138 000:1, whereas that for clinical officers was 5000:1. 16, 17 The distribution of HCPs in Tanzania is typical of developing countries. This is in contrast to most developed countries where the ratio of physicians exceeds 2 per 1000 of the population. 18 Ngowi et al 19 reported poor competence among HCPs in the recognition, diagnosis, and management of pesticide poisoning cases, thought to be due to inadequate training in toxicology and occupational health. 19 The HCPs in the same study were also poorly equipped to deliver appropriate care to pesticide poisoning victims. 19 Similar findings of low awareness among HCPs of the problem of pesticide poisoning have been reported in other parts of East Africa, 20, 21 South Africa, 3 Costa Rica, 22 and Côte d'Ivoire. 23 Although Ngowi and colleagues 19 addressed Tanzanian health care worker practices in relation to the diagnosis and management of APP, no studies in Tanzania have examined HCP practices in relation to APP surveillance. This study therefore addresses the gap in HCP knowledge and practices related to surveillance of APP and also updates the study by Ngowi which was conducted more than 10 years ago, prior to the 1997 introduction of mandatory reporting in the health service under the Health Information Management System. This study therefore aimed to characterize the knowledge and experience of HCPs in selected health facilities in Tanzania in the diagnosis and management of APP, common first aid measures, use of reporting systems, notification practices, and ability to interpret pesticide labels for the purpose of strengthening surveillance of APP among farmers and community.
Materials and Methods

Population and sample
The population included all physicians, clinical officers, and nurse practitioners working in Kilimanjaro and Arusha regions and who were directly responsible for diagnosing and treating potential APP cases. The Kilimanjaro and Arusha regions were chosen because they have agricultural activities typical of rural Tanzania and are geographically located close to Tropical Pesticides Research Institute (TPRI) that facilitated logistics for data collection.
An intended sample size of 91 participants was based on a priori estimate of 17% of HCPs treating cases of APP (as reported by Ngowi et al 19 ), a confidence level of 95%, and a margin of error of 8%.
Data collection
Participants were interviewed using a semistructured questionnaire on their management of APP cases and how they record and report the cases through the Health Management Information System. They were also asked about their knowledge and practices that contribute to surveillance of APP, their knowledge on pesticide label instructions, their experience in handling APP, the type of first aid measures recommended for APP, and their knowledge of adverse health effects of pesticides, precautionary measures contained on pesticide labels, and the classification of pesticides by World Health Organization (WHO) hazard class and by chemical groups. The data were collected by the principal investigator and 2 assistants between January and December 2005. The assistants were laboratory technicians working at TPRI for more than 15 years in pesticide-related research. For the study, the technicians received refresher training on pesticide classification, first aid measures for pesticide poisoning, pesticide labels, and how to administer the questionnaire for HCPs.
The data collection tool was pretested in January 2005 using a small sample of HCPs (n = 10) in selected facilities in Arusha Municipality before use in the main study.
Data analysis
Univariate descriptive statistics were estimated for frequencies and percentages of all categorical or numerical variables. For the purpose of analysis, data were categorized as per Table 1 .
Cross-tabulations were conducted as follows:
1. The variable knowledge on first aid (low vs high) was compared by the variable ever handled a pesticide poisoning and by years of working experience to identify associations with high knowledge of first aid measures.
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The variable familiarity with adverse health effects (low vs high) was compared by respondents' educational level to identify whether education was associated with high familiarity with health effects of pesticides. 3. The variable knowledge on pesticide classification (low vs high) was compared by respondents' education level to identify whether education was associated with high knowledge of the WHO pesticide classification system. 4. The variable knowledge on routes of exposure (low vs high) was compared by respondents' years of working experience to identify whether years of experience was associated with high knowledge of routes of exposure. 5. The variable ever handled a pesticide poisoning case vs never handled any case was compared with respondents' years of working experience to identify whether increased years of experience was associated with treating cases of APP. 6. The variable high education vs low education was compared with years of working experience to identify whether long service was associated with education level. 7. The variable type of health care facility (Government or private) was compared with knowledge on first aid, knowledge on routes of exposure, familiarity with health effects, knowledge on pesticides classification, level of education, years of working experience, and status of handling of APP cases.
χ 2 testing was used to compare distributions of dichotomous variables. To measure the strength of association between categorical independent and dependent variables, prevalence risk ratios were estimated with 95% confidence intervals. SPSS statistical package version 16 24 and Stata Version 10.0 25 were used to analyse the data.
Ethical considerations
Participants gave informed consent prior to participation in the study and were free to decline participation without any fine or penalty. To ensure confidentiality, names were replaced by special codes, which were used in data analysis. The participants were assured that their responses would not affect their performance assessments by their managers. The study protocol was approved by TPRI ethical committee and the National Institute 
Results
Of the 91 HCPs approached, 25 declined to participate, leaving a sample of 66 HCPs from 32 facilities who were finally interviewed, representing a response rate of approximately 73%. In most facilities, there were 1 or 2 respondents (Table 2 ). However, in the larger facilities, the number of respondents ranged up to 6. 
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Most of the respondents were men (63.7%) and they were from both private (53%) and government (47%) facilities in Arusha and Kilimanjaro regions. The facilities included a referral hospital, 2 regional hospitals, a district hospital, and 5 other private hospitals, health centres (n = 6), and dispensaries (n = 16). Most of the respondents were clinical officers (57.5%) and their experience in medical services ranged from 1 to more than 24 years. Although the largest category had experience of Lekei et al 5 5 years or less (55%), the range of experience was wide and there were 3 participants with experience of more than 20 years in the field (Table 3) . Respondents' most frequent responses regarding knowledge on first aid and treatment in cases of pesticide poisoning included washing the contaminated area with water (n = 23), inducing vomiting if ingested (n = 22), and giving the poisoned victims fresh milk (n = 19). Nineteen respondents (30%) reported they do not know any first aid or treatment strategy used for victims poisoned by pesticides (Table 3) . Table 3 indicates that many responses listed treatment options that were either incorrect or inappropriate, reported as first aid, such as administration of atropine or intravenous fluids, use of antihistamines, use of antibiotics, gastric lavage, or first aid measures (17.6%). For example, giving milk, antibiotics, and hydrocortisone are both ineffective and potentially dangerous; the use of personal protective equipment (PPE) is only useful for prevention, and isolation of the victim is plainly mistaken (Table 3) .
Exactly, 50% of the respondents reported that they had never previously handled a pesticide poisoning case, 34.8% reported handling between 1 and 5 cases, and 15% handling 6 or more cases (Table 4 ). The proportion of respondents who have handled an APP case was marginally higher among staff with long work experience (odds ratio = 1.32; 95% confidence interval [CI] = 0.9-1.5) compared with low experience.
When asked about the availability of medical laboratory testing, 53% of respondents indicated that their facilities had laboratories available on site, but none conducted any testing for biomarkers to diagnose pesticide poisoning. All the respondents reported having no standard diagnostic procedure for APP, and all reported that they documented poisoning cases in the general Health Statistics Abstracts Reference Books ('Mtuha') and patient register book. Reporting poisoning cases and other disease conditions in this register is mandatory according to the Ministry of Health, Community Development, Gender, Seniors and Children.
Familiarity with adverse health effects of pesticides reported by respondents was poor. Only 5 respondents (8%) reported having a high familiarity with the health effects of pesticides, whereas 50% admitted to having no awareness of pesticide toxicity (Table 4) . However, a much higher proportion reported knowledge of routes of absorption. Most of the respondents reported knowledge of possible pesticide exposure routes as oral (98.5%) and inhalational (93.9%), whereas knowledge about absorption through the skin as a route was slightly lower (77%; Table 4 ).
Most of the respondents (71%) were unaware of the classification of pesticides by chemical group, and all respondents were unaware of the WHO hazard classification system for pesticides. Pesticide chemical groups reported correctly by the respondents included organophosphates (37.8%), organochlorines (12.1%), carbamates (12.1%), and pyrethroids (1.5%). 
Most respondents (55%) reported that they had no knowledge of pesticide label safety instructions. Of the 45% reporting some knowledge, the most common label instructions reported by respondents included instructions regarding storage out of reach of children (n = 30) and use of PPE (n = 27). Less common instructions reported were related to washing after handling (n = 7), refraining from eating while handling pesticides (n = 8), keeping pesticides away from food (n = 4), and avoiding pollution of the environment or water bodies (n = 5). Eleven respondents (17%) reported awareness of the signal word 'poisonous'.
Products reported by the HCPs as commonly associated with poisoning included both specific agents (n = 31) and nonspecific agents (n = 19). Organophosphates comprised 35% and pyrethroids comprised 16% of specific agents named. However, most commonly, the respondents were not able to specify a specific pesticide agent (n = 35; Table 5 ).
Associations with knowledge among HCPs
There were marginally significant associations between educational levels of the respondents and high familiarity with pesticide health effects (Prevalence Risk Ratio [PRR] high educated/low educated = 2.44; 95% CI = 1.05-5.65) and with high knowledge of pesticides classification (PRR high educated/low educated = 2.8; 95% CI = 1.3-6.2; Table 6 ).
There was a significant association between the status of health care facility with high knowledge on pesticide classification (PRR private facility/government facility = 1.5, 95% CI = 1.1-2.1) ( Table 7) .
Discussion
This study updates and expands the scope of a previous investigation in Tanzania (Ngowi et al 19 ) into health care provider's knowledge and practices regarding poisoning arising from pesticides. The profile of pesticide agents now reflects usage shaped by Tanzania's ratification of the Stockholm and Rotterdam conventions, domesticated into National Law, as a result of which there are newer active ingredients and formulations which demand a new investigation of knowledge and practices. Moreover, this study includes vegetable growing areas, with smaller production units, and including smaller health care facilities. Most importantly, this study generates information for the first time on reporting of APP by health workers through local health information systems, a crucial element for effective public health surveillance of APP.
The respondents in this substudy were HCPs who had working experience ranging from 1 to 24 years. The study revealed poor knowledge on pesticide poisoning management, lack of familiarity with the adverse health effects of pesticides, low knowledge about pesticide chemical groups, and WHO categories but better knowledge about routes of dermal exposure. One intuitive explanation is that clinicians with longer working experience likely may have handled APP cases which might have made them more knowledgeable. However, this was not supported by data in Table 6 where long service was not associated with any of the knowledge measures. Another explanation could be the fact that the respondents interviewed in the study period who were more recent graduates did not cover details about pesticides and their toxicity in their study curriculum, and APP was not given much priority due to a perception that it is rare in hospitals. This may explain why many poisoning agents are frequently reported with nonspecific names for the causative agents, such as acaricides, bed bug insecticide, flower spray, and other 'unknown' terms. This clearly limits the extent to which HCP reports can support effective surveillance for APP. Most of the respondents had little experience in the management and treatment of APP. Half of the respondents reported that they had never handled any pesticide poisoning cases, and among those who had, most had attended 5 or fewer cases in their careers. One reason for low experience could be the fact that pesticide poisoning cases are infrequently present to hospitals in Tanzania, 19 ,26 a finding also reported in India. 27 This implies that HCPs infrequently come into contact with APP cases. Alternatively, if they did attend cases but the diagnosis was missed, the provider did not know that they had treated an APP case.
The study also revealed that a large proportion of respondents had misconceptions about appropriate first aid. For example, 19 respondents (29%) considered milk a first aid option for APP and about one-third of respondents (33%) reported inducing vomiting as one of the options for first aid for APP. In fact, providing milk may give a false sense of security and delay proper treatment and hence may increase health risks. Similarly, induction of vomiting is not appropriate for all products and may be contraindicated for certain agents. For example, pyridyls are corrosive products which can damage the oesophagus and upper airway if vomiting is induced. If the victim is unconscious, inducing vomiting could also result in potentially fatal aspiration of vomitus. The recommendation of using milk reflects a widespread misconception among HCPs. A previous Tanzanian study involving extension officers between 1991 and 1993 also reported the use of milk and inducing vomiting as options for first aid, along with other options such as use of lamb oil, fresh cattle dung, and salted water. 28 This suggests that perceptions about the use of milk as an antidote for poisoning is prevalent among not only HCPs but also the agriculture extension officers. Misconceptions about the use of milk as an antidote to a range of workplace hazards are widespread in the region. 29, 30 A similar study conducted in United States involving a survey of primary care physicians revealed poor knowledge of the health risks associated with agriculture, and it recommended the training of HCPs working in rural areas to address these health problems. 31 The responses regarding the availability of laboratory testing indicate that although laboratories are available, none conduct any testing specific to diagnose pesticide poisoning. This finding agrees with data from record reviews at health care facilities in Tanzania in which most of the cases were diagnosed through history and clinical signs. 32 This probably reflects a lack of equipment, expertise, and necessary consumables. The lack of laboratory capacity to confirm diagnosis, a 
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Environmental Health Insights widespread phenomenon worldwide, for example, in India 33 and also in the Southern African region, 34 may contribute to underdiagnosis of APP cases reported in hospitals. If few cases are formally diagnosed, few will be reported, and surveillance data will underreport the extent of the problem and policymakers may not see the importance of building capacity for laboratory diagnosis, which in turn exacerbates the problem of underreporting. There is therefore a need to advocate for better diagnostic facilities, especially in rural health facilities to make the laboratory diagnosis of APP possible. Also, given that there is poor knowledge among HCPs, better training in clinical diagnosis is also critically important.
The role of Poison Control Centres (PCCs) in providing guidance to health professionals has been noted as an important strategy in some countries. 35 However, as the WHO 36 points out, many parts of the world lack access to PCCs, particularly Africa and parts of the Eastern Mediterranean and Western Pacific regions, and there is no fully operational PCC in Tanzania able to provide this kind of support to health care providers facing a case of possible APP. In a continent so lacking in key human resources for health, addressing this gap through establishing a PCC is an ambitious goal which is unlikely to be realized without sizable donor support and careful attention to sustainability.
Most of the HCPs (55%) could not report any safety instructions when interpreting pesticide labels. Failure to interpret the label information may result in poor diagnosis and treatment as the label carries important information for the diagnosis and management of APP. Even if the label is available in an APP case, it would appear that the HCP will not be able to interpret the label and handle the patient appropriately. Taking into account that laboratory diagnosis is unavailable, HCPs should be trained on, among other things, how to interpret label information for the identification and treatment of APP cases. This is particularly important, given the lack of a PCC in Tanzania able to provide timely and accurate guidance on pesticide poisoning to HCPs, a problem common to much of Africa and parts of the Eastern Mediterranean and Western Pacific regions.
It is striking that the proportion of HCPs reporting previous experience in managing a case of pesticide poisoning was much lower in this study (50%) than reported by Ngowi et al 19 (80%). The difference could be due to the nature of facilities visited. Although the study by Ngowi and colleagues visited mainly dispensaries and lower level facilities (65.3%), this study included fewer health care workers from dispensaries (44%). Because dispensaries are mostly located in rural areas they are more likely to attend to poisoning cases, potentially including less severe occupational injuries. Health care professionals working in these facilities may therefore have more experience in handling APP cases. Because facilities with higher status, for example, hospitals, receive more severe cases, which are less common, this could account for the smaller proportion of HCPs in this study experienced in the management of poisoning cases. The findings in this study are consistent with that of a study conducted in East Africa more than a decade ago, 20 which found that more than 40% of the HCPs interviewed could not recognize pesticide poisoning cases.
The problem of management of APP found in this study is also a problem in developed countries. For example, in a study conducted in Washington, DC, and surrounding areas, it was reported that most of the HCPs interviewed frequently did not diagnose pesticide toxicity from patient history and examination. Most relied on PCC for assistance with management of APP cases. They expressed less understanding and more uncertainty about chronic toxicity. Exactly 64% of practitioners and 
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Environmental Health Insights 69% of nurses felt poorly prepared to answer patients' questions. In all, 40% of practitioners and 26% of nurses felt that it was important to obtain more information on pesticides. 37 This study found that knowledge about pesticide classification was significantly higher in private than government facilities (39.5% vs 12.0%; P = .02). This could arise from the fact that the proportion of health care workers who have handled APP was somewhat higher in private facilities than government facilities (53.5% vs 39.1%) but not statistically significantly so (P = .27). By handling APP cases, HCPs may come across different agents and their labels or containers, and this may, over time, make them knowledgeable. It may also be the result of private facilities being able to attract HCPs with greater education because knowledge about pesticide classification and adverse health effects of pesticides was higher in respondents with high education (Table 6 ). This association is to be expected as respondents who are graduates usually receive more intensive training, and hence would be likely to have more knowledge on pesticide health effects and classification.
Regarding documentation of poisoning cases, it was found that all HCPs reported documenting all poisoning cases in the Health Statistics Abstracts Reference Books ('Mtuha') and patient register book. However, this may be an overstatement because, in theory, documentation of poisoning cases is mandatory. Other Tanzanian studies in the same period found serious problems in HCP reporting -incomplete registers, damaged pages, 32 as well as failure to record cases. 26 Regarding agents, the study found that most of the specifically known agents reported to be associated with poisoning (87%) were of WHO class I or II. These products are, by definition, either highly or moderately hazardous, and their association with poisoning by the HCPs was consistent with their toxic nature. Although these products are restricted in Tanzania, their handling and use are not well controlled due to weaknesses in enforcement. Furthermore, among the specifically known agents, 25% of the products reported as associated with APP were OPs. Organophosphates are cholinesterase-inhibiting agents, and although they were reported in low proportion in this substudy, their involvement in poisoning cannot be underestimated. The proportion of unknown agents (41.3%) was high indicating that many HCPs either rarely handle APP cases or the limited cases reported to them lack information.
Study limitations
The study results may be weakened by a number of possible biases:
Information bias. Health care professionals might have claimed greater familiarity with adverse health effects of pesticides than actually was true, implying that knowledge and familiarity might, in reality, have been worse than found in this study.
Selection bias. Selection bias might also have affected the findings in that HCPs who declined to participate might have done so because they were not conversant with APP or may have been reluctant to disclose their lack of experience in managing APP. Again, this implies that estimates for knowledge and for experience with APP reported in the study were likely to be overestimated than is the case in reality -ie, a problem of over-reporting. However, the omission of the HCPs from facilities in far-off remote areas may countereffect this overestimation if nonparticipants were used to seeing APP cases. Consequently, the direction of misclassification due to this selection bias is not obvious.
Representativity. The health facilities involved in the study included at least 1 respondent from referral hospitals, regional hospitals, district hospitals, health centres, dispensaries, and other hospitals. Although not selected in a truly random manner, the spread of facilities and practitioners suggest that the sample includes HCPs who typically staff such facilities and see cases of APP. Nonetheless, it is possible that the sample of facilities may differ from other facilities in the country. The findings should not be generalized without further studies to confirm the patterns in a representative sample of HCPs.
Reporting bias. Although interviews were conducted on an individual basis, in some situations respondents had opportunity to interact with other interviewed respondents before they underwent their own interview. In such situations, their answers were potentially influenced by their colleagues resulting in some degree of homogeneity of reporting. This would cause respondents to provide unrealistic responses which could have either underestimated or overestimated the knowledge and practices of HCPs in relation to APP.
Another important limitation is recall bias. Respondents may have poor memory of some events in particular events that took place more than 3 months earlier. This may partly explain low reported experience with APP.
Conclusions
The findings suggest that most HCPs in the selected health care facilities in northern Tanzania lacked adequate skills in the diagnosis and management of APP and had very poor knowledge about what to do about APP. The limited ability to diagnose APP cases results in failure to recognize all poisoning cases arising from pesticide exposure, and this contributes to underreporting of APP cases. A strong surveillance system requires HCPs who are sufficiently skilled to make the diagnosis of APP and report it effectively.
To fill this gap, there is a need to include training on pesticide hazards, classification, and health effects in the training programmes for all categories of HCPs in Tanzania. To develop practical skills, it is recommended that HCPs undergo practical training at institutions with experience in the management and study of pesticides, such as the TPRI, which is the sole institution dealing specifically with pesticides in Tanzania and therefore best placed to support clinicians in matters related to pesticides. Currently, TPRI has training programmes on pesticides in place conducted twice annually.
Although this study was undertaken in 2 regions of northern Tanzania, and can only be generalized to these areas, the services and farming areas are fairly typical of other part of Tanzania. For this reason, it is believed that the findings might well reflect a similar situation in the rest of the country. However, there is a need to conduct further studies in other parts of Tanzania to see whether the findings are replicated.
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